REMARKS 

This Preliminary Amendment cancels, without 
prejudice, claims 1-10 in the underlying PCT 
Application No. PCT/DE02/03975 and adds new claims 11- 
21. The new claims, inter alia , conform the claims to 
United States Patent and Trademark Office rules and 
does not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the 
Substitute Specification (including the Abstract) 
contains no new matter) . The amendments reflected in 
the Substitute Specification (including Abstract) are 
to conform the Specification and Abstract to United 
States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. 

§§ 1.121(b) (3) (ii) and 1.125(c), a Marked-Up Version of 
the Substitute Specification comparing the 
Specification of record and the Substitute 
Specification also accompanies this Preliminary 
Amendment. Approval and entry of the Substitute 
Specification (including Abstract) are respectfully 
requested. 

The underlying PCT Application No. PCT/DE02/03975 
includes an International Search Report, dated July 2, 
2003, a copy of which is included. The Search Report 
includes a list of documents that were considered by 
the Examiner in the underlying PCT application. 
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It is respectfully submitted that the subject 
matter of the present application is new, non-obvious, 
and useful. Prompt consideration and allowance of the 
application are respectfully requested. 



Respectfully Submitted, 



Dated: Z 




Richard L. Mayer 
Reg. No. 22,4 90 



One Broadway 

New York, NY 10004 

(212) 425-7200 

(212) 425-5288 

CUSTOMER NO. 26646 
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SENSOR ELEMENT 



Background Information FIELD OF THE INVENTION 

The present invention is bas e d on relates to a sensor 

element according — to the definition of the species in Claim 



BACKGROUND INFORMATION 

A gas probe having such a sensor element is known from the 
described in German Patent Application No. DE 198 57,468 Al 
57 468 , for example, for use in analyzing the exhaust gas of 
internal combustion engines. In a convent ional manner known 
to one skilled in the art , the elongated planar sensor 
element is arranged in a housing that can be affixed in a 
measuring orifice of an exhaust pipe. On the measuring side, 
at an end that is exposed to the exhaust gas, the sensor 
element has a measuring device, which includes an 
electrochemical cell having a first electrode, a second 
electrode and a solid electrolyte situated between the first 
and second electrode. The first electrode is arranged in a 
reference-gas region introduced in the sensor element. The 
second electrode is mounted on an outer surface of the 
sensor element and is in contact with the exhaust gas via a 
porous protective layer. 

A heating device is provided to heat the measuring device. 
The heating device has a meander- shaped heater (resistance 
heater) to which a first and a second heater supply lead are 
guided. The heater supply leads electrically connect the 
heater, which is arranged on the measuring- side end of the 
sensor element, to contact surfaces provided on a 
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connection- side end lying across from the measuring- side end 
of the sensor element and via which the heater is 
electrically connected to electrical circuit elements 
arranged outside of the gas sensor. The heater and the two 
5 heater supply leads are arranged in a plane of 

stratification of the sensor element. The two heater supply 
leads extend in parallel to the longitudinal axis of the 
sensor element. Insulation layers electrically insulate the 
heating device from the surrounding elements. 

10 

The heater is operated in a conventional manner by the 
electrical circuit elements applying a voltage between the 
two heater supply leads. The first heater supply lead is at 
a constant potential, such as earth potential. — i s known 

15 to determine Convent ional 1 v , the temperature inside the 

measuring device is determined with the aid of a resistance 
measurement, for example, and to control the heating device 
with the aid of the electrical circuit elements in such a 
way that a predefined temperature value is given inside the 

20 measuring device. The control-related potential changes at 
the second heater supply lead may interfere with the 
function of the measuring device because of induced voltage. 
Therefore, an electron-conducting intermediate layer, made 
of platinum, for example, is provided between the heating 

2 5 device and the measuring device, the intermediate layer 
being at a constant electrical potential. 

It is disadvantageous in this context that the layer 
configuration for reducing the voltages which the heating 
30 device induces into the measuring device is expensive to 
produce and the additional platinum layer is costly. 

Summary of — the — Invention SUMMARY 

In contrast — to the — related art, — the An example sensor 
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element according to the present invention-; — having the 
characterizing features of the ind e pendent claim, — has- may 
have the advantage of realizing a layer configuration by 
which an impairment of the measuring device due to induced 
voltages is reduced, or avoided entirely, in a 
material -saving and simple manner. To this end, a first 
heater supply lead, which is at an at least largely constant 
potential, is arranged in a plane of stratification between 
a second heater supply lead and the measuring device . The 
first heater supply lead thus functions as connection lead 
of the heater and simultaneously shields the measuring 
device from induced voltages of a second heater supply lead 
that result from changes in the potential of the second 
heater supply lead occurring during operation. 

The measures sp e cified in the dependent — c laims permit 
advantageous further refinements and improvements of — the 
sensor element — indi c at e d in the — independent — claim. 

If the first heater supply lead covers the full surface of 
at least one supply region of the sensor element, the 
measuring device is shielded from the second heater supply 
lead in an especially effective manner. To save material, 
the first heater supply lead may form a lattice structure. 

The first heater supply lead -±-s may be advantageously 
arranged in such a way that the perpendicular projection of 
the second heater supply lead onto the plane of 
stratification of the first heater supply lead lies on the 
first heater supply lead, at least regionally. 

In an especially advantageous manner, using screen printing 
and the indicated sequence, the following layers are applied 
onto a carrier foil: a second insulation layer by which the 
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second heater supply lead and the heater are insulated from 
the carrier foil; the heater and the second heater supply- 
lead; a first insulation layer by which the first heater 
supply lead is insulated from the second heater supply lead; 
5 the first heater supply lead; and, if appropriate, a third 

insulation layer, which covers the first heater supply lead. 
The first heater supply lead is printed directly onto a 
contact region of the heater and is thus electrically 
connected to the heater. For this reason, a recess is 
10 provided in the contact region of the heater in the first 
insulation layer. After printing, the carrier foil is 
laminated to one or a plurality of solid electrolyte foils 
of the measuring device, and then sintered. 

15 

As an alternative, the second insulation layer, the heater 
and the second heater supply lead may be applied onto the 
carrier foil by means of screen printing. The first heater 
supply lead and, if appropriate, the third insulation layer 

20 are printed onto an insulation foil using screen printing. 
The first heater supply lead is electrically connected to 
the heater by a plated through-hole in the insulation foil. 
After printing, the carrier foil, the insulation foil and 
one or a plurality of solid electrolyte foil (s) of the 

2 5 measuring device are laminated and then sintered. 

Brief Description of the Drawing BRIEF DESCRIPTION OF THE 
DRAWINGS 

The present invention will be is explained with reference to 
30 the drawings and the following description. 

The — figures — show : — 

Figure 1 shows an exploded view of a partial region of a 
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first exemplary embodiment of a sensor element according to 
the present invention-^ 

Figure 2 shows a cross section, along line II - II in Figure 
5 1, through the first exemplary embodiment of the sensor 
element according to the present invention-; — and^ 

Figure 3 shows an exploded view of a partial region of a 
second exemplary embodiment of a sensor element according to 
10 the present invention. 

Description of the Embodiments DETAILED DESCRIPTION OF 
EXAMPLE EMBODIMENTS 

Figures 1 and 2 show a first exemplary embodiment of the 
15 sensor element according to the present invention. Sensor 
element 10 has a heating device 21, which is applied on a 
carrier foil 20, and a measuring device 22. Measuring device 
22 of sensor element 10 is not shown in Figure 1. 

20 Measuring device 22, which is arranged on the measuring- side 
at an end 26 of sensor element 10 that is exposed to the 
exhaust gas, has a first solid electrolyte foil 61 and a 
second solid electrolyte foil 62 . A reference-gas region 63 
containing a reference gas has been introduced in first 

25 solid electrolyte foil 61. To this end, reference-gas region 
63 is in connection with the atmospheric air via a channel 
in a supply region 25 of sensor element 10. In reference-gas 
region 63, a first electrode 64 is affixed on second solid 
electrolyte foil 62. A second electrode 65, covered by a 

3 0 porous protective layer 6 6 and exposed to the exhaust gas, 
is situated across from first electrode 64 on the outer 
surface of second solid electrolyte foil 62. First and 
second electrode 64, 65 and second solid electrolyte foil 62 
form a Nernst cell . Using the voltage generated between 
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electrodes 64, 65 in the Nernst cell, it is possible to 
infer the oxygen partial pressure in the exhaust gas. 



However, the present invention is not restricted to a sensor 
5 element having a measuring device of the afore -described 

configuration. The measuring device may also include a pump 
cell, a combination of pump and Nernst cell (broadband 
lambda sensor) or some other combination of electrochemical 
cells. The measuring device may also have a design that 
10 realizes another measuring method, such as a resistive 
measurement . 



Measuring device 22 is heated by heating device 21 and 
maintained at a constant temperature. On the basis of a 

15 temperature inside sensor element 10 detected with the aid 
of measuring device 22, heating device 21 is controlled by 
electrical circuit elements arranged outside of sensor 
element 10. Heating device 21 includes a heater 30, which is 
configured as meander- shaped resistance heater, and a first 

2 0 and a second heater supply lead 31, 32 arranged in supply 

region 25 of sensor element 10 and electrically connected to 
heater 30. First and second heater supply lead 31, 32, via a 
first and second plated through-hole 51, 52, respectively, 
and via a contact surface in each case (not shown) on an 

25 outer surface of carrier foil 20, connect heater 30 to the 
electrical circuit elements in carrier foil 20. For the 
heating of measuring device 22, the electrical circuit 
elements apply a voltage between first and second heater 
supply lead 31, 32. First heater supply lead 31 is 

30 constantly at earth ground potential; and heater 30 is 

energized or de-energize by a change in the potential of 
second heater supply lead 32. 



Connecting the potential of second heater supply lead 32 may 
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cause interference in the measuring signal of measuring 
device 22 due to induced voltage. To avoid induced voltages / 
first heater supply lead 31 is arranged in a plane of 
stratification between second heater supply lead 32 and 
5 measuring device 22. To this end, first heater supply lead 
31 is drawn across the entire large area of sensor element 
10 in supply region 25. In contrast, the width of second 
heater supply lead 32 is less than the corresponding width 
of sensor element 10. Provided between first and second 

10 heater supply lead 31, 32 is a first insulation layer 41, by 
which the two heater supply leads 31, 32 are electrically 
insulated from one another. Second heater supply lead 32 
forms a continuous printed circuit trace with heater 30. 
First heater supply lead 31 is electrically connected to 

15 heater 30 at a contact point 45 in whose region first 

insulation layer 41 has a recess. A second insulation layer 
42 insulates heating device 21 from carrier foil 20, and a 
third insulation layer 43 electrically insulates it from 
measuring device 22 . 

20 

The sensor element is produced using screen-printing 
technology. Printed (in this sequence) onto carrier foil 2 0 
for this purpose are second insulation layer 42; heater 30 
having contact point 45 and second heater supply lead 32; 

25 first insulation layer 41; first heater supply lead 31; and 
third insulation layer 43 . The electrical connection of 
heater 30 to first heater supply lead 31 is implemented by 
printing the one end of first heater supply lead 31 directly 
onto contact point 45 of heater 30. For this purpose, a 

3 0 recess is provided in this region in first insulation layer 
41. Printed carrier foil 20 is laminated together with solid 
electrolyte foils 61, 62 of measuring device 22 and then 
sintered . 
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With the exception of the recess in the region of contact 
point 45 for contacting heater 3 0 and first heater supply- 
lead 31, first insulation layer 41 may also extend across 
the entire large surface of sensor element 10 , that is, it 
5 may also be provided in the region of heater 30. First 

heater supply lead 31 may likewise extend into the region of 
heater 30. 

Figure 3 shows a second exemplary embodiment of the sensor 
10 element according to the present invention in which mutually 
corresponding elements are identified by reference numerals 
matching those in Figure 1 . The second exemplary embodiment 
differs from the first exemplary embodiment shown in Figure 
1 in that, to insulate first from second heater supply lead 
15 31, 32, no printed first insulation layer 41 is used, but an 
insulation foil 44 similar to carrier foil 20. In this way, 
insulation foil 44 separates first heater supply lead 31 
from heater 30 and from second heater supply lead 32. 
Insulation foil 44 extends across the entire large surface 
20 of the sensor element. The contacting of heater 30 to first 
heater supply lead 31 is implemented via a third plated 
through-hole 53 introduced in insulation foil 44 . 

To produce the second exemplary embodiment of the sensor 
25 element, the following are printed (in this sequence and 

using screen-print technology) onto carrier foil 20: second 
insulation layer 42, heater 30 having second heater supply 
lead 32. First heater supply lead 31 and third insulation 
layer 43 are printed onto insulation foil 44. After 
30 printing, carrier foil 20 and insulation foil 44 are 

laminated together with solid-electrolyte foils 61, 62 of 
measuring device 22 and then sintered. First heater supply 
lead 31 may also extend into the region of heater 3 0 or 
across the entire large surface of sensor element 10. 
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In another spec i £ i c deve 1 opment embodiment of the present 
invention (not shown) , the heater may be arranged in the 
same plane of stratification as the first heater supply 
lead, which is at a constant potential, and/or it may form a 
5 continuous circuit trace with the first heater supply lead, 
while the second heater supply lead is provided in a plane 
of stratification on the side of the first heater supply 
lead facing away from the measuring device. For the 
contacting of the second heater supply lead to the heater, a 
10 contact point or a plated through-hole is provided as it is 
in the specific developments shown in the figures. 

Heater 3 0 and first and second heater supply leads 31, 32 
have platinum with a ceramic portion, for instance. The main 

15 component of first, second and third insulation layer 41, 
42, 43 is aluminum oxide, for example. First and second 
solid electrolyte foil 61, 62 are made mainly of 
yttrium-stabilized zirconium oxide. Carrier foil 20 and 
insulation foil 44 include, for instance, yttrium-stabilized 

20 zirconium oxide and/or aluminum oxide. If carrier foil 20 is 

made of aluminum oxide, second insulation layer 42 may be 
omitted . 

Essential for In accordance with the present invention drs 
25 titsrtr^ first heater supply lead 31 is at a largely constant 
potential, such as earth ground potential. However, it lies 
in the discretion of one skilled in the art to connect first 
heater supply lead 31 to another largely constant potential, 
for instance if this is more advantageous for reasons of 
30 circuit engineering. A largely constant potential of first 
heater supply lead 31 within the meaning of the present 
invention is to be understood as a potential that, compared 
to the potential of second heater supply lead 32, is subject 
to only slow and/or slight changes and thus does not cause 
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any, or only low, induced voltages into measuring device 22 . 
That is to say, the induced voltage into measuring device 22 
due to potential changes at first heater supply lead 31 is 
to be considerably lower than the induced voltage that would 
occur at second heater supply lead 32 due to the potential 
changes if it were not shielded by first heater supply lead 
31, which is at an at least largely constant potential. 
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Summary ABSTRACT 



A sensor element (10) , having a layer configuration, for 
detecting a physical property of a gas is proposed , in 
5 particular for detecting the concentration of a gas 

component in an exhaust gas of an internal combustion 
engine. The sensor element (10) has a measuring device (22 ) , 
used to detect a physical property of the gas, and a heating 
device (21) . The heating device (21) includes a heater (30) , 

10 which is electrically connected to a first heater supply 
lead (31) and a second heater supply lea d(32) . The first 
heater supply lead (31) is arranged in a plane of 
stratification between the second heater supply lead (32) 
and the measuring device-(-2-2-)- . The first heater supply lead 

15 (31 ) is at an at least largely constant electrical 

potential . 

(Figure 1) 
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